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BOX

Thelowestnormalmodesofvibrationofthreealuminum-alloybox
beamswerecalculatedusinga matrixiterationmethod.Forthesecalcu-
lationstheactualstructureswereidealizedto a systemofmasspoints
interconnectedby masslesssprings.Thelowestnormalmodesofthese
beamsweremeasuredexperimentallyandcomparedwiththosecalculated.
Thiscomparisonindicatesthatthemodeshapesandnatialfrequencies
forstructuresofthisme maybe adequatelycalculatedusingthis
method.Theexperimentalmeasurementswerelimitedatthehigherfre-
quenches,by localvibrationsof SEELLelementsofthebeams.

INTRODUCTION

A knowledgeofthed-it characteristicsofmodernaircraftstruc-
turesisbecomingincreasinglyimportantasthesizeandspeedofair-
craftcontinueto increase.Highstressescanresultfromthedynamic
responseofan aircraft.structuretolandingimpactforces,taxiihg

. forces,orgustloads.Inanalyzingthedynamicresponseof sucha
structuretotransientexternalforcesthepropertiesofthenormal ~
modesofthestructurearewidelyused.‘Anexampleof suchuse,inthe
caseofthelandingloads“problem,isgiveninreference1.

Thecalculationofthenormalmodesofa structurerequiresa howl-
edgeof itsmassdistributionanditselasticcharacteristics.Forgeo-
metricallysimplestructures,suchas straightbeamsofuniformsection,
theelasticpropertiesandthemassdistributionmaybe expressedanalyti-
callyandthenormalmodeseasilycalculated,However,practicalstruc-
tures,suchasaircraftwings,usuaU.yhavemassdistributionsnotexpres-
sibleinmathematicaltermsandelasticcharacteristicswhicharediffi-
culttodetermine.Sucha structuremustbe replacedby a simplified
idealizedstructuretorenderit suitableformathematicaltreatment.
Themoretherealstructureissimplified,thelesslaborioustheanalysis
becomes,buttheresultsoftheanalysisalsobecomelessaccurate.
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Thepresent
todeterminethe
structureswhose
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papergivestheresultsoftalc’tiattonsandtestsmade
vibrationcharacteristicsofthreereasonablycomplex
designisgenerallysimilsrtothatusedinaircraft.

Theresultsofthecalculationsofthelowermodesofthreebuilt-up
aluminum-alloyboxbeams,withandwithoutlargediscontinuities,having
lsrgeconcentratedmassesattheircentersarecomparedwiththeresults
ofvibrationtestsmadeonthesebeams.

with

beam

Theinvestigationwasdividedintothreeparts:

(1)~e’calculationandmeasurementofthelowermodesofabesm
a D-noseanda largeconcentratedmassat itscenter

(2)Thecalculationandmeasurementofthe
usedinpart(1)exceptthatlsrgecutouts

coversheets

(3)me calculationandmeasurement’ofthe
menusedinpart(2)exceptthattheD-nosewas

lowermodesofthesame
weremadeinoneof its

lowermodesofthespeci-
removed

ThisworkwasdoneattheNationalBureauofStandardsandhasbeen
madeavailabletotheNationalAdvisoryCommitteeforAeronauticsfor
publicationbecauseofitsgeneraliterest.

Theauthorswishto expresstheirappreciationtothestaffofthe
EngineeringMechanicsSectionoftheNationalBureauofStanikrdsfor
theirassistanceonthiswork. ParticularthanksgotoMr.SamuelLevy
forhishelponthetheoreticalaspectsoftheproblemandtoMr.A. E.
McPherson,whodesignedthespecimensandadvisedontheexperimental
methodsused.

Theauthorsalsoexpresstheirappreciationtothesponsorsofthis
investigation,theOfficeofNdval.Research,DepartmentoftheNavy,for
releasingthisworkforpublicatiori.

Threespectmenswereused
forthefirstpertofthework,

SPECIMENS

intheinvestigation.Specimen1,used
is showninfigure1. Specimen>,used

forthesecondpartofthework,wasthesamespecimen,;xceptth~t
lsrgecutoutsweremadeinoneof itscoversheetsbetweenthesecond
andthirdbulkheadsto eachsideofitsspanwisecenterline.Specimen3,
usedforthelastpartoftheprogram,wasthesameas specimen2 except
thattheD-nosewasremoved.

.

J:————.——.———--————...——.-- _—.—..—————- ...—-



NAcwm 2984

Theba6icspecimenconsistedoftwobuilt-up
togetherwitha heavysteeljoint.Eachbeamwas

3

boxbeamsfastened
fabricatedfrom75s-T6

aluminum-alloysheetandextrudedangles.Allrivetswere~- inchditi-

eterandmadefromA17S-T3aluminumalloy.Statictests(references2, 3,
and4) showedthatformoderateloadethesteeljointwaselasticbut
thattheflexibilityofthejointwasnotnegligible.Thecalculations
ofthesection-propertiesofthespecimenswerebasedonmeasuredrather
thannominaldimensions.As a checkonthesecalculationstheweightof
specimen1 wascalculatedas 350.1pounds,usingnominaldensitiesfor
thealuminumandsteel.Thespecimenwasthenweighedandfoundtoweigh
359.5 w~ds. Itwas’feltthatmostoftheerrorincalculatingthe
weightofspecimen1 occurredincalculatingtheweightofthesteel
joint.

CAICTJtiTIONOFIKEUVML

General

MODES

Thefundamentalquantitiesnecessaryforthecalculationofthe
normalmodesofa structureareitselasticcharacteristicsanditsmass
distribution.Themassdistributionmaybe cal.culated”fromthedimen-
sionsofthestructureandthedensitiesofthematerialsfromwhichthe
structieisfabricated.Theelasticcharacteristicsmaybe determined
eitherfromdeflectionmeasurementsunderstaticexternalloadsorfrom
theoreticalcalculations.

Forthespecimensusedfortheseteststhemassdistributionswere
calculatedfrommeasureddimensionsandnominaldensities.Theelastic
characteristicsofthespecimensweredeterminedfromtheoreticalcon-
siderationsandfromdirectmeasurement(references2,3, and4). ‘The
modeshapesandnaturalfrequencieswerecalculatedfromthesequantities
usingthetheorygiveninreference5.

Inthecaseofaircraftwings,a usualassumptionmadeindeflection
calculationsistht the-wingisbuiltintoan infinitelyrigidroot. It
willbe shownlaterthatsomeflexibilityoftherootcanexistwithout
seriouslyaffectingtheshapesofthecalculatednormalmodes.

IdealizedSpecimens

Forthepurposeofcalculatingthenormalmodes,theactualspeci-
menswerereplacedby

. pointsinterconnected
idealizedstructuresconsisti~of discretemass
withmasslessspringsas describedinappendixII

\
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4 NACATN 2884

ofreference5. Theloctiionandmagnitudeofthesemassesreplacing
eachspecimenweredeterminedinthefollowingmannek.

Itwasdecidedtoreplaceone-halfofeachactualstructurewith
14coplanarmassessrramgedinpairsalongthebulkheadcenterlines,
a,b,. . .g (fig.2). Sevenofthemasspoints-wereassumedto lie
alongthecenterlineoftherearshearwebatthebulkheads,points2,
4)“”” 14 (fig.2). Themagnitudesofallthemassesandthe
z-coordinatesofmasses1,3,.. . 13,(y= O forthesemasses)were
determinedasfollows:Thesemispecimenwasconsidereddividedintosix
free-bodiesA,B,. . .F (fig.2)by passi~planesthroughthespecimen
as shown.Eachfree-bodywasconsideredrestingonlmifeedgeslocated
atthebulkheadcenterlines,a,b,. . . g (fig.2). Theproportionof
themassofeachfree-bodyconsideredlyingalongthesecenterlineswas
calculatedfromequilibriumconsiderations.

Thetotalmassofthestructureconsideredlyingalong’aybulkhead
centerlinewasthenobtainedby addingthecontributionsofmassofthe
free-bodiesadjacentto thecenterlineinguestiontothemassofthe
bulkhead.,Thefirstmomentandthe’momentof inertiaaboutthex-axis
(fig.’2)foreachfree-bodyAj B,. . .F werecalculatedandproportioned
atthebulkheadcenterlinesa,b,. . .g indirectproportiontothe
masscontributionsofeachfree-bodyto thebulkheadcenterline.The
n@yitudesofallthemassesandthez-coordinates,ofthemasses1,
3,. .

where

Zr

In

. 13, werecalculatedfrom

I2&=In~

I%=QnZr
1

(1)

Ins=Mn-~
J

z-coordinateofrthmass,where r = 1,3,.. . 13 (fig.2)

totalmomentof inertiacontributedby adjacentfree-bodiesand
includedbulkheadtonthbulkheadline

tot&lfirstmomentcontributedby adjacentfree-bodiesand
includedbulkheadtothenthbulkheadline

magnitudeofrthmass,where r = 1,3,.. . 13 (fig.2)

— —.—.—. .—. .——— .— ——— —-— —— ---- . - .-.-— . . . . ,,
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% totalmasscontributed
headtonthbulkhead

% magnitudeof sthmass,

by adjacentfree-bodiesandincludedbulk-
line

where s-=2,4,.. .14-(fig.2)

Theuseofequation(1)resultedina substitutediscrete~ss dis-
tributionwhosemass,firstmoment,andmomentof inertiaaboutthe
x-axiswerethessmeasthoseoftheoriginalspecimen.

Tables1,2,and3 givethemagnitudesandlocationsofthemass
pointsreplacingtheactu~ specimens.

Theelasticcharacteristicsofthe’specimensdiscussedherewere
definedintermsoftheirinfluencecoefficients.An influencecoeffi-
cientbetweentwopointsisdefinedhereasthedeflectionofonepoint
inthey-direction(fig.2)fora unitloadinthey-directionatthe
otherpointwhenthecenterofthespecimenisclamped.References2
to 4 givemeasuredinfluencecoefficients,aswell.asthosecalculated
fromthetheorygiveninreference5,at 12pointscorrespondingtothe
intersectionsofthefrontandrearsparswiththebulkheads.Foruse
incalculatingthemodeshapesitwasnecesssryto computetheinfluence
coefficientsatthemass-pointlocations,3,.4,. . . 14, in figure2
(thoseatpoints1 and2 arezeroby definition).Thiswasdoneby
assumingthebulkheadsremainedrigidintheirplanqsduringsmaU
deflectionsandrotationsandtheninterpolatingfromthetiowninflu-
encecoefficientsat theintersectionsofthefront

9thebulkheads.Thecomputedandmeasuredinfluence
obtainedforspecimen1 atthemass-pointlocations
and5,respectively.Tables6 and7,respectively,
forspecimens2 and3.

andrearsparswith
coefficientsthus
areshownintables4
givemeasuredvalues

Thetheoreticalinfluencecoefficientsforspecimen1 arecalculated
inreference2 withtheassumptionthatthesteeljointatthecenterof
thespecimenwasinfinitelyrigid,whereasthe,measuredinfluencecoeffi-
cientsforthisandtheotherspecimenscontain,displacementcomponents
duetorotationandwarpingoftheroot.Comparisonoftables4 and5
showsthatthiseffectisnotnegligible.

CalculationofModeShapesandNaturalFrequencies

of IdealizedStructures

Themodeshapesandnaturalfrequenciess&ecalculatedfromthe
equationsgiveninreference5. s~t Y1~ Y2,. . . Y14, be thedisplace-
mentsinthey-direction(fig.2)ofthemasspointsml, ~,. . .m14

.
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ofa body
anypoint

where
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freefromexternallyappliedforces.Thenthedisplacementof
m isgi~n by:

n=14
yi n.. 1 ‘m,n%~n+ ~ + e% + azn 1

n=lx
(m=l, 2,.. .14) (2)

5m,n deflectionof structureatpointm for
point n,withrootclamped,(i.e.,an

a unitloadappliedat
influencecoefficient)

L displacementofroot(x= Y = Z = O) iny-direction

e angleofrotationofrootaboutz-axis

a’ angleofrotationofrootaboutx-axis

Yn accelerationiny-directionofnthmass

If itisassumedthatthemassesoftheidealizedstructuresare
oscillatingin simpleharmonicmotion:

ym=~sinut

L=&sin&

. . . . . . .

,,

“

.

(3)

where

%

U.)

t

maximumdisplacementofmthmass,inches

maximumdisplacementofroot,inches

circularfrequencyofvibration,radiau-persecond t

time,seconds

Substitutingintoequation(2)anddividingtheresultantequations

by -U2sinut thereisobtained:

\
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n=14

Inorder
theinfluence

2(%-k - %.x%Q- %nax%u)= ~ %,n...n
n.1

‘(m=l,2,.. . 14) (4)
,

to solveequations(4)a matrixcomposedofthemassesand
coefficientsisiteratedas shown:

%,lrnl + %,2% + 51,3m3“ “ ● %,14m14

82,1ml+ a2,2%+ b2,3m3● - ● 52,14m14

53,1%+ 53,2%+ 53;3m3“ “ “ %,14.14
. . . .

. . . .

. . . .

614,lh + %I,2m2 + %4,3m3“ ‘“ “ %4,i&%

“1(0’’)’2 ● . . ●

. . . . .
● . ● .

%. L-%LX-%Q-”LZ.-

.

-.a;

4
a;...
‘:4,-

(5)
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where a;) & ● ● “ a;h area firstapproxhation

NACATN2384

ofthemodeshape

and <’, a~’,-.. . a~~ area seconda~roximation.
,.

computedfromeguations(4)asfollows:

‘&%+’-%&x
1

14
~%qd’ -W&x
1

asa
By maag use
rigidbody:

‘1
-f3&+l& )(011)2=

A, B, and C are

9
n=14

x
5m,n%+ = A

n=l

n=14

x 5

}

m,n~~ = B (6)
n.1

n=14

x 5m,n%~ = c
n=l

J

oftheconditionthatthespecimenisnotaccelerated

1

~ In.&+ = “
body

~ lIL#n# = “
body

,,

I

.

(7)

I
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,

Forsymmetricalvibratorymodes,thedisplacements~t ‘-areme same.on
theright-andleft-handportionsofthespecimenwith
eguations(6) reduceto

theresultthat

14
x %&l’ ‘0
n=l

Forantisymmetricalvibratorymodes,thedisplacements
oppositesignsforthetwohalvesofthespecimenwith
eguatiom(6)reduceto

. $%@’IA’=0
n=l

(7a)

4 areof
theresultthat

(-m)

Forsymmetricmodeq,taking19’t/(u”)2aszeroandsubstitutingegua-
tions(7a)intothefirstandthirdof equations(6)

& g% 4 t

(fn’‘)2 ~=1
-&y&%%=A

= c

.

-“( )etl
—= o
(u)’!)’

(8a)

.- . —----- .- —--— .. . .. ..- --. —..- _ .. ..__. —.-. - .—. ———.-..—--———..———— -—— . ..—-- .-. . . .. . .
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For
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antisymmetricmodes,takingx“/(UJ”)2~ ~tf/( )
tt2 aszero

substitutingeguation(~) titothesecondofequat;ons(6)

-#++?%’=’
m–

(

tt ?t

)
&)2=&j E=o (8b)

summationsineguations(8)arecomputedfromthemassdistribution
geometryofthespecimen.~~ theseand A, B, and C,. . .

~1’/(~1’)2~~’1/(@l’)2~@ all/(ol’)2canbeevaluatedby solting
equations(8a)forsymmetricmodesand(8b)forantisymmetricmodes.By
conibiningtheresultsofequations(5)withthe~olutionofeguations(8)
#/(mft)2 isgiven:

4’—= — ((CDt‘)2 (S&4’

.

v

- *m) + L
((01’)2

+
e~

((D’t)2
+ %axZ

(uJ’t)2
(9)

Thenewapproximatemodeshapeisnormalizedforthenextiterationby
formingtheratios

Theapproximatevalueof N ist&en as

.
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Theiterationprocedureusedinsolvingequations(4)causesthe
solutionto convergetothelowestmode. Theseeguationsmsybe solved
forhighermodesifthemodeswithlowerfrequencies~ theassumed
modeare“swept”out. Thisprocedure,basedonthefactthattheso~u~
tionsforequations(4)areorthogonal,isderivedinreference6. Erjua-
tions(4) weresetup forfour

(1)Specimen1,usingthe
intable4

(2)Specimen1,usingthe
table5

tab~e(~)‘Pectien2j ~i~ the

(4) Specimen3,usingthe
table7

cases:

calculatedinfluencecoefficientsgiven

measuredinfluencecoefficientsgivenin

measuredinfluencecoefficientsgivenin

measuredinfluencecoefficientsgivenin

Thefoursetsofequations(4)weresolvedforthefollowingmodes
by thematrixiterationprocessgiveninreference5:

(1)Specimen1 (calculatedandmeasuredinfluencecoefficients):
Threelowestnaturalfrequenciesandassociated’modeshapes

(2)Specimen2 (measuredinfluencecoefficients):Fourlowest
naturalfrequenciesandassociatedmodeshapes

(3)Specimen3 (measuredinfluencecoefficients):Threelowest
naturalfrequenciesandassociatedmodeshapes

Thedisplacementsofthemassesobtainedfromtheiterationwere
interpolatedto obtaina setofdisplacementsattheintersectionsof
thebulkheadswiththefrontandrearspars.Thesedisplacementswere
normalizedby dividipgthemby thedisplacementattheintersectionof
theendbulkheadwiththefrontspsr.Theresultingmodeshapesfor
thosecaseswhereexperimentalresultswereobtainedareshowninfig-
ures3 to 6 andtheirnaturalfrequenciesaregivenintable8.

Fi~es 3(a)J3(b)~and3(c)showthatalthoughtherewasa serious
discrepancybetweenthecalculatedandmeasuredinfluencecoefficients
forspecimen1,due,probably,totheelasticrotationandwarpingof
thesteeljointatthecenterofthespecimen,themodeshapesofthe
twocasesagreefairlywell,wliereasthenaturalfrequenciescalculated
from
than

.

thetheoreticalinfluence
thosecalculatedfromthe

coefficientsare“4
measuredinfluence

to 15 percenthigher
coefficients.

— -——

_- . ...— .—.. -- -—- -—- - - - ——-—-—- ———— .----—-...- -.- .———---.— ——-—- —-—



12 NACATN 2384

EU?ERIMENTALCOIWIRMATIONOFTHEORY

General

Allofthespecimensweretestedinthesamemanner.Figure7 shows
a typicaltestarrangementwithspecimen2. Thespecimenwassuspended
fromthecantileveredchannelAbyfour softhelicalspringsB (fig.7).
Thespecimenwasexcitedina directionnormalto itswidthby a
loudspeaker-typeshakermotorC (fig.7). Thestationaryfieldcoilsof
thismotorwereexcitedby about6 amperesof110-voltdirectcurrent.
Thereciprocatingarmature,whichwasconnectedto,thesteeljointof

thespecimenbya ~- inch-sguarealuminum-alloydynamometer,wasexcited

by anamplifiedoscillatorsignal.Thedynsnmmeterhada lowflexural
stiffness,sotherestraintto thespecimensofferedby thespringsand
dynamometer,exceptintheaxialdirectionofthedynamometer,waslow.
The,restraintintheaxi~ directionofthedynamometerwasmadenegli-
gibleby adjustimgthefrequencyuntiltheratioofspecimenamplitude
to dynamometerforcewasa maximum.

Thedynamometerwaseguippedwithfour~-inchgagelengthSR-4

wirestraingsges.Thesegageswereconnectedtoa modifiedSR-4indi-
catoranda cathode-rayoscilloscopeinsucha mannerthatthesteady-
statedynamicaxialstraininthedynamometercouldbe measuredto
& microinches.

Therelativeaccelerationsat selectedlocationsalongfrontand
rearsparsweremeasuredwithvacuum-tubeaccelerometers(reference7).
Theoutputoftheseaccelerometerswasa singlesinusoidalwavethe
amplitudeofwhichcouldbe accuratelymeasured.

DeterminationofNaturalFrequencies

An additionalvacuum-tubeaccelerometerwasattachedto thetip P
(fig.7). Thespecimenwasexcitedatvariousfrequenciesandthe
steady-statedynamicstraininthedynamometertogetherwiththerela-
tiveaccelerationofthetipofthebeamwasmeasured.Thespecimenwas,
assumedtobe inresonancewhentheratiooftherelativeacceleration
atthetipofthespecimentothestraininthedynamometer(i.e.,
dritingforce)wasa mximuin.A resonancecurveforeachspecimenwas
plottedduringthefreguencysweeptestsandthemaximumofthecurve
reexaminedat smallincrementsinthefrequency,about2 cyclesper
second,to determinethosefrequenciesbestrepresentingtheresonant
frequencies.Figure8 showstheresonancecurvesforthethreespecimens.

.
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DeterminationofNormalizedModeShapes

13

Whentheresonantfrequenciesfora spectienhadbeendetermined,
thespecimenwasexcitedatresonanceandtherelativemodeshapemea-
suredwithvacuum-tubeaccelerometers.OneaccelerometerwasleftatQ
(fig.7). Otheraccelerometerswereclampedatpointsevery6 inches
alongthefrontandrearspars.Measurementsoftherelativeaccelera-
tionsatlocationQ (fig.7)andthepointinquestionweremadesimult-
aneously.Theaccelerationofthepointwasthencalculatedrelative
toa unitaccelerationatQ. Inthismannernormalizedacceleration.
valuesweredetermined..At a fixedfrequencyofharmonicm@ion,the ‘
accelerationamplitudeisproportionaltothedisplacementamplitude;
therefore,thesenormalizedaccelerationvaluesrepresentedthenormal-
izeddisplacementvaluesofthemeasuredpointsonthebeam,ortheshapes
assumedby thepairsofangleswhenthespecimenwasatresonance.This
maynotbe truewhendampingispresent.

ThefoKlowingmodeshapesweremeasured:

Specimen1: Lowestthreemodes.Twosetsofmeasurements-were
madeofeachmodeshape.

Specimen2: First,second,andfour-timodes.Twosetsofmeasure-
mentsweremadeof eachmodeshape.Thefirstfourmodeswerecalcu-
lated,butthethirdmode,a torsionmode,wasnotexcitedexperimentally
withtheforceappliedaswasdoneinthetest.By thetimethecompu- “
tationswerecomplete,thetestarrangementhadbeendismantledandcould
notbe repeatedwitha betterpointofYorceapplication.

Specimen3: Firstandthirdmodes.Thesecondmeasuredmode,again
a torsionmode,wasnotexcitedto anyextent.

,
Localdeformationsofthespecimensbetweenbulkheadswereobserved

ata frequencyofabout230cyclespersecond.Thesedeformationssre
notincludedinthetheory,so itwasnotconsideredworthwhiletomea-
surethemodeshapesof@ modesaboveabout230cycles

COMI?ARISONOFTHEORYANDEXFERIMENT

persecond.

Figures4,5, and6 showtheresultsofthetestssuperposedonthe
calculatedmodeshayes.Table8 showsthecomparisonbetweencalculated
andmeasurednaturalfrequenciesforthethreespecimens.

Itcanbe seenthatthetheory,whichconsidersthemassconcen-
tratedatthebulJsheads,canbeusedtopredictthenaturalfrequencies
towithinabout6 percent,providedflexibilityattherootofthe ,

.—. ...— .— —--- .. —— - ..—.— ———.. - -.—--—- _ .. . .. ..— -.-—.--— .---—- --—— --— -- -———-
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specimenistakenintoaccount,thatis,thattheinfluencecoefficients
ofthestructurearelmownaccurately.Figure3 showsthat,usingthe
influencecoefficientscalculatedwiththeassumptionofa rigidroot,
theerrorsinthenaturalfrequenciesrangefrom19percentforthe
lowestfreguencyto10percentforthesecondnaturalfrequency,although
theerrorsinthemodeshapesarereasonablysmall.

CONCLUDING

Thetestsreportedhereindicatethatthemodeshapesandnatural
frequenciesofthefundamentalandseveralhighermodesfora structure
withandwithoutlargediscontinuitiesmaybe adequatelycalculatedby a
matrixiterationmethod,assumingthemassofthestructureconcentrated
atthebulkheads,providedthattheelasticconstantsofthestructure
areaccuratelylmown.Thepresenceof someflexibili~intherootmay
producelargeerrorsintheinfluencecoefficients.Suchflexibility
doesnotresult,howewr,inseriouserrorsinthemodeshapes,butdoes
resultinappreciableerrorsinthecalculatednaturalfrequencies.

Theexperimentalmeasurementofresponseovera rangeoffrequencies
showedthatatthehigherfrequenciestherewereappreciablelocalvibra-
tionsof smallelementsofthebeam. No attemptwasmadeto checkthese
vibrati~nsbymakingan-sis ofthebeamwitha finermassdistribu-
tion,sinceitwasfeltthattheselocalvibrationshaveno structural
significancealthoughtheymaybebothersomeh theelementsinwhich
they occur.

NationalBureau
Washington

ofStandards
25, D.c., April16, 1952
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TABLE1

LCCATIONANDMAGNITUDESOFMASSPOINRS1

REPLACINGSPECIMEN1

Coordinates
Mass (in.)

Point
(lb-sec2/in.)

x Y z

“1 0.1328 0 0 -10.55
2 .0835 0 0
3 .0920 :.75 0 -10.63
4 .05!34 8.75 0 0
5 .00760 20.75 0 -E.23
6 .00562 20.75 0 0

.00760 32.75 0 -12.23
i .00562 32.75 0 0
9 .00760 ‘ 44.75 0 -w.23
10 .00562 44.75 0 0
U“ .00753 56.75 0 -E.23
12 .00558 56.75 0 0
13 .00540 68.75 0 -12.1o
14 .00372 68.75 0 0

-1

%ee fig.2 forcoordinatesystem. ,
,’

—— _-— ———— -- —.. .- ——_———. 1
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TABLE2

1.02ATIONANDMAGNITUDESOFMASSRX1l’1#

REPLACINGSIECIMEN2

Coordinates

Mass (in.)
Point

(lb-sec2/in.) a
x Y z I

1 0.1328 0 0 -10.55
2 .0835 0 0

.0920 :.75 0 -10.63
i .o~ 8.75 0 0
5 .00705 20.75 0 -12.40
6 .oo52~ 20.75 0 0

.00705 32.75 0’ -12.40.
; .0054

2
32.75 0 0

9 .0070 44.75 0 -=.23
10 .00562 44.75 0 0
U .00753 56.75 0 -12.23
12 .00558 56.75 0 0
13 .00540 68●75 0 -12.1o
14 .00372 .68.75 o ‘o

%ee fig.2 forcoordinatesystem.

...—.— ------ ---- -— ----— --— .—-–-—.- -——---—--’_ ...-.,..——-— — - —.—-——. .-. .—
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TA131Z3

LCXATIONANDMAGNTI’UDESOFMASSPOINTS1

REPLACINGSPECIMZN3

Coordinates
Mass (h.)

Point
r (lb-sec2/in.)

x Y z

1 0.1328 0 0 -10.55
2 .0835 0 0

.0913 :.75 0 -10.59
: .0583 8.75 05. .0061.1 20.75 0
6

-1?.69
.00530 20.75 0
.00611 32.75 0 -;.69

i .00530 32.75 0 0
9 .00643 44.75 0 -11.*
10 .00548 44.75 0 0
U .00637 56.75 0 -Il.%
E .00543 56.75 0 0
13 .00456 68.75 0 -u .41
14 .00370 68.75 0 0

%ee fig.2 forcoordinatesystem..

.

.

——— .— —— -- -——— ——-..-. — . . . .-
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TABIE 8

COMPARISON OF CUCUL4’JZ.DAND MEASURED NA~

~GWHW~S OF 13HWMNS

I

Natural frequency
(Cps)

&c imen Flrat mode Second mode Third mode Fourth rmde

MeaBured Calcuhted MeaBured Calcnhted M5=urea Calculated Measured Calculated

ah 66 69.4 181 190.2 221 234.6 --- -----

bib 66 78.4 - m 198. I. 221 232.3 --- -----

2 63 64.8 173 181.3 ‘ --- 184.7 198 204.7

3 64 66.3 --- 164.3 173 lP.3 --- -----

,ala,c~~~ ~~ ~aswed influenceC@fi.Cien~B”

bib, calcuhted using theoretical influence coefficients.
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